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Abstract 
Numerous factors can affect the operating performances and the design of the indirect air cooling 
system of power plant. The present study developes physico-mathematical model to describe the thermo-
flow characteristics of air cooling tower for indirect air cooling system. Based on the model, a 
comprehensive analysis on optimization of air cooling tower is conducted for 600MW indirect air-cooled 
power generating unit. By using the software VC++, the indirect air-cooled tower optimization program is 
developed. With the help of optimization of tower structure, a tower with better structure is used to 
conduct thermal analysis of the influences of ambient temperature, wind speed, and saturated exhaust 
flow rate on back pressure of turbine. The present study may be of great value on optimization design and 
safe operation of  large-scale indirect air-cooled power plant. 
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1. Introduction 
Due to lower coal consumption and more stable operation than that of direct air cooling system, 
indirect air cooling system is widely used in the coal-fired power plant most recently [1]. Air cooling units 
use ambient air as cooling medium, thus the external environment has a significant effect on its 
performance. Wei and Al-Waked et al. [2, 3] studied the influences of natural wind on the cooling 
efficiency of dry-cooling tower. Yang et al. [4] presented the flow and temperature fields of cooling air by 
CFD simulation. Zhang et al. [5, 6] analyzed the factors that affect the running performance of condenser 
pressure. Bu et al. [7] set up the calculation model and numerical method on variable condition for direct  
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Nomenclature 
D2 outlet diameter of tower ΣPa resistance of air flowing through air G circulating water flow rate (t h-1) cooling tower (kPa) 
He effective height of cooling tower(m) ΔPH pumping force of air cooling tower(kPa) 
K 
the overall heat transfer coefficient Ps condenser backpressure(kPa) 
(W m-2 ć-1) ta ambient temperature(ć) 
mv saturated exhaust flow rate (t h
-1) ts condenser exhaust temperature(ć) 
n radiator cooling delta number tw2 outlet temperature of cooling water (ć) 
ΔP1 
resistance of air flowing through v wind speed(m s-1) 
radiators and shutters (kPa) va2 tower outlet air velocity (m s-1) 
ΔP2 resistance of air flowing through tower vf windward velocity (m s
-1) 
outlet (kPa) η efficiency of air-cooled radiator 
and indirect air cooling unit. Zhou and Jiang et al. [8, 9] conducted large number of calculation and analysis 
on variable condition features for air-cooled condenser.  
However, the indirect air cooling system is more complex and has more factors influencing the 
operation of power generating unit. Hence, it requires more considerations in the system design. Based on 
a 600MW indirect air cooling unit, this paper analyzed the influence of tower change on safety and 
economy of the unit, and studied the effect on back pressure generated by mv, v and Ta, etc.  
2. Physical and mathematical model 
In the indirect air cooling system , the heat exchange between exhaust steam and air is divided into two 
parts: the first one for steam and cooling water is conducted in the condenser; the second one for cooling 
water and air is conducted in the cooling tower.  
The thermodynamic characteristics model is shown as follows [10]: 
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where K is the overall heat transfer coefficient, aa is air-side heat transfer coefficient, aw is water-side heat 
transfer coefficient; η is efficiency of air-cooled radiator, NTU is number of heat transfer unit, W1 is water 
equivalent of air, W2 is water equivalent of circulating cooling water. 
The resistance characteristics model is shown as follows [10]: 
 1 2( )H e a aP H gU U'    ˄3˅ 
 21 PPPa '' '¦  ˄4˅ 
whereΔPH is pumping force of tower, He is effective height of tower, ρa1 is inlet air density , ρa2is oulet 
air density,ΣPa is resistance of air flowing through towerΔP1 isresistance of air flowing through radiators 
and shutters, ΔP2 is resistance of air flowing through tower outlet. 
In engineering,  if   0.005H a aP P P'  ' ' !¦ ¦ , the selected tower is qualified.  
For a particular unit, if design Q, design ta, ITD and radiator type are determined, according to the 
thermodynamic characteristics model, we can obtain a qualified n. Then according to the resistance 
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characteristics model, we can obtain lots of qualified tower structures. The parameter values used in the 
process are: Q=600MW , ta=21.36ć, the radiator type is the fifth FORGO type. 
With the help of optimization of tower structure, a tower with better structure was used to conduct 
variable condition calculation. Introducing different Ta, v, mv, etc, to the thermodynamic characteristics 
model, the effects of the parameters on Ps were presented. The parameter values used in the process are: 
n=176, He =150m, Htt =120m, Dtt= 84m, D2 =87m.  
The analysis is accomplished by means of VC + + software. Results are listed as follows. 
3.  Results and discussion 
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3.1. Optimization research of indirect air cooling tower  
Fig.1 shows the effect of L on ΔPH and ΔP1 when Q =600MW and He=136m.We can see, the higher L 
is, the higher ΔP1 and the lower ΔPH are. While L rises to a specific value, ΔP1 and ΔPH are equal. ΔPH is 
unable to draft air entering the tower, which requests a higher tower to ensure the tower working properly.  
Fig.2 shows that va2 decreases with the increasing of L. Along with the increasing of L, va2 will reach 
near to 0, at a specific v , this will lead to "intrusion" phenomenon, under which, the hot air cannot flow 
out and be squeezed back into tower. Fig.3 shows that the smaller va2 is, the larger D2 and larger tower 
outlet area are, and it is easier for outside air to squeeze more hot air back into the tower. 
Fig.4 shows that the more air enters into tower, the more heat is taken away, and the lower tw2 is. We 
can come to conclusion that the more air enters the tower, the lower Ps is. 
Fig.5 shows that va2 increases with the increase of G, and the "intrusion" phenomenon barely occur. 
Fig.6 shows that the larger G is, the lower tw2 is, and so is Ps. This is mainly because the increase of G 
leads to K increases, then heat efficiency is improved. However, the larger G is, the greater cooling water 
pump power is, so is the unit running cost. So the total earning should take the circulating pump operation 
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cost into account when trying to reduce Ps by increasing G. If earning overweight the pump power 
consumption, the scheme is feasible. 
3.2. Off-design performance analysis 
At a ta of 31ć, a G of 70823 t/h and a vf of 1.88m/s, we can know from Fig. 7 that Ps increases with 
the increase of mv. We can see the same trend in Fig. 8 when ta =12ć. 
Fig.9 shows that ma decreases when v increases to 15 m/s. With the increasing of v, due to the kinetic 
energy of wind field turning into the pressure energy of cooling air, ma increases gradually.
From Fig.10, it can be seen that, Ps varies widely with v. For a given operation condition which has a ta 
of 12ć and a v of 15m/s, Ps reaches a maximum of 13.4kPa. Based on the analysis about impacts of v on 
ma, for a given operation condition which has a v of 18m/s, Ps significantly reduces.  
From Fig.11, it can be seen that, Ps varies obviously with ta. For a given operation condition which has 
a vf of 1.88 m/s, a G of 70823 m3/h, a mv of 1260t/h, Ps increases with the increasing of ta.   
4. Conclusions 
Based on the above analysis, we can draw the following conclusions: 
(1) The larger L is, the smaller va2 is, which makes the “intrusion” phenomenon easy to happen. (2) Ts 
decreases with the increasing of L and G, and Ps decreases too, the unit performance is better. (3) Due to 
high investment and running costs, it is recommended to select a tower with larger L, minor amount of G , 
smaller n and higher He. (4) The factors including that all the increases of mv, v and ta can lead to the 
increase of Ps of turbine. 
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